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CHANGING WHAT'S POSSIBLE

Taking the hot air out of drying

Gregory P. Thiel, Ph.D.
ARPA-E Fellow







The clothes dryer

5-100%

avg. house
elec. bill

— ﬁ : o Data adapted from EIA (2018, 2015) and Energy Star (2011). Natural gas use
reported in exergetic equivalents.
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But we’ve made some progress
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Standard Electric Heat Pump Ultrasonic
In Widespread Use Best Available Technology In R&D

q"’_ r")/")d’_ .©e Image sources
r Heat pump: https://storage.beko.co.uk/bekoupload/Beko2015/heat-pump-condenser.gif

CHANGING WHAT'S POSSIELE Ultrasonic: https://www.ornl.gov/sites/default/files/Ultrasonic_Drying.jpg



So how low can we go?

q Prjd ° @ Image source: https://www.sophie-world.com/sites/default/files/styles/main_hero_responsive/public/22031556.png
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Minimum Energy Required

n:

Actual Energy Consumed
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Vapor Pressure of Water in Air
Saturation Vapor Pressure of Water in Air

RH = <100%


https://commons.wikimedia.org/wiki/File:Hygrometer-thermometer_hg.jpg

Drying clothes is thermodynamically free
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from:

https://nationalmap.gov/small_scale/printable/images/pdf/climate/humidity_3.pdf
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Ref: DOE Quadrennial hnology Review, 2016. F \
Image adapted from: h ikimedia.org/wiki/File:Rotary_Dryer_-_Allgaier.jpg, CC BY-SA 3.0



Here, too, we’ve seen progress

Powder & Solids

INDUSTRY

Ford to Expand Use of 3-Wet Dl‘ying Research Heats UP Process changes

Paint Technology; 2-Wet Process | eforts promise to improve the efficiency of industrial operations
to Debut on (Vs

Low- or zero-carbon energy

By Sean Ottewell, editor at large

Sep 12, 2018 1 1
i Enhanced heating technologies
Innovative Food Science and Emerging Technologies 43 (2017) 223-238
) are 4 .
Contents lists available at ScienceDirect operq U |traso n I CS
Innovative Food Science and Emerging Technologies ina (C . .
no(© Electrically-driven methods
journal homepage: www.elsevier.com/locate/ifset pgoob!
y used
Non-thermal hybrid drying of fruits and vegetables: A review of current @CmMm
technologies
Daniel 1. Onwude™"*, Norhashila Hashim®, Rimfiel Janius®, Khalina Abdan®, Guangnan Chen®,
Ayobami 0. Oladejo”
* Deparmment of Biological and Agri ngineering, Faculty of Engineering, Universii Putme Malaysia, 43400 UPM Serdang, Selangor, Malaysia
b Deparment of Agriculnural and Food Engineering, Faculty of Engheering, University of Liye, 52021 Uyo, Nigeria
“ Fooulty of Health, Engineering and Sciences, University of Southern Queendand, Toowoomba, QLD 4350, Ausmalin
_i 9 _j _io/’_a\ References: https://www.wardsauto.com/industry/ford-expand-use-3-wet-paint-technology-2-wet-process-debut-cvs
‘ [ l ‘ \_LJ) https://www.chemicalprocessing.com/articles/2018/drying-research-heats-up/
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..butits NOT enough
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GHG Emissions
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Data source: EPA Inventory of Greenhouse Gas Sources and Sinks, 1990-2017
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Build out the non-evaporative drying portfolio

Process changes
Low- or zero-carbon energy

vaporization is ONE toolina |k
toolbox for drying by moving water EEy

Ultrasonics
L 7?

arpa-e .
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My ask
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— Saving our homes and industries money

— Advancing our drying technology toolbox

— Making dryers low energy and low carbon

— Rethinking thermal energy use in our industries

Please send me your thoughts, ideas, and white papers:

gregory.thiel@hqg.doe.gov
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